Microscopic versus qPCR (quantitative polymerase chain reaction) analyses were compared for the detection of Didymosphenia geminata in biofilms and water filtrates from seven Gaspésie rivers (Canada). For the qPCR approach, two DNA extraction kits (QIAamp DNA Micro Kit, Qiagen and PowerSoil DNA Isolation Kit, Mo Bio Laboratories) and two pairs of primers were considered. The pair of primers D602F/D753Rext did not amplify D. geminata DNA whereas the pair of primers D602F/ D753R was specific for D. geminata. Presence-absence diagnosis based on qPCR and microscopic analyses were consistent: D. geminata was detected in six of the seven rivers, both in the biofilm and filtrate samples. However, technical replications were needed at certain sites to observe the presence of D. geminata cells by microscopy. This underscores the necessity of replicate analyses, which is cost-effective to achieve when using qPCR due to the capacity to process tens of samples in a single PCR run in the context of a large scale assessment.
INTRODUCTION
Didymosphenia geminata is a stalk-forming freshwater diatom ranging in size from 65 to 161 μm (Diatoms of the United States; available at https://westerndiatoms.colorado.edu). This alga is native to North America and northern Europe (Patrick & Reimer ) . In recent years, D. geminata has become more prevalent in rivers and streams across large biogeographical scales (Spaulding & Elwell ) . Moreover, D. geminata has been reported as an exotic species in the southern hemisphere ( 
METHODS

Study sites
This study was conducted in seven rivers of the northeastern 
Didymosphenia geminata detection by microscopy
Samples preserved in 70% ethanol were vigorously shaken and 1 mL aliquots were transferred into 2 mL tubes. An aliquot of 100 μL of each sub-sample was placed on a microscope slide (after homogenization using the pipette to avoid clumps being collected) and dried on a hot plate at low heat. Two replicate slides were mounted per 
DNA recovery calculation
For DNA recovery calculation, the samples were spiked with 100 femtograms of Lambda DNA as an internal standard at the beginning of the extraction procedure. For the PCR conditions described above, the addition of the internal standard gave a threshold cycle ( 
DNA recovery efficiencies
Mean recovery efficiencies calculated with the lambda DNA as an internal standard are shown in Table 3 . The results revealed low recovery using the Qiagen kit (11.5 ± 3.4%).
For certain samples this kit even failed at recovering any lamdba DNA ( MoBio, water (n ¼ 7) 13.7 ± 3.4
Qiagen (n ¼ 14) 11.5 ± 3.4
Qiagen, biofilm (n ¼ 7) 11.6 ± 3.9
Qiagen, water (n ¼ 7) 11.4 ± 5.6 potable water and 36.0% for cooling tower water. It seems reasonable to assume that recovery efficiency will be even lower in environmental samples, as observed in this study. 
D. geminata in Gaspésie rivers
Detection of D. geminata cells
The presence of D. geminata was detected by qPCR in six of the seven rivers monitored in July 2015 (Table 5) These results provide an interesting overview of the abun- (Table 6 ). This emphasises the necessity of replicate analyses, which are cost-effective to Upgrading the method to be able to provide a quantitative estimate of the D. geminata cell density is an interesting avenue to consider. Before this can be accomplished, higher recovery efficiencies would have to be obtained. Evaluating and untangling the contribution of both extraction efficiency and PCR inhibition on DNA recovery is necessary.
For example, the influence of PCR inhibition on recovery could be estimated by adding an internal standard after the extraction procedure step instead of only before. Also, analyses based on detecting amplification curve anomalies by comparing kinetics parameters of test and reference reactions Samples were counted in duplicates. At each site, biofilms sample is a composite sample (total surface scraped reaching about 64 cm 2 ); biofilm was then transferred into a tube filled up to 50 mL with water from the site. Drifting D. geminata cells in the water column were sampled using a plankton net (Wisconsin net; mesh size ¼ 40 μm) submerged for 10 minutes at a depth of about 50 cm from the bed of the river, cells were then transferred into a tube and filled up to 50 mL with water from the site.
(kinetics outlier detection) could be used to help distinguishing PCR inhibition from DNA recovery problems, as suggested in Jones et al. () . It could also be recommended to conduct more than one extraction per sample (technical replicate at the extraction step) in order to avoid false negatives due to extraction problems or sub-sampling effects.
qPCR estimates of cell density would provide valuable information to more precisely characterize the degree of colonisation of the species in terms of propagule pressure. To conclude based on our findings, we propose the flow chart presented in Figure 4 for the survey of D. geminata.
We recommend the use of the qPCR approach on water fil- to assist in sound management and conservation strategies of vulnerable rivers and may help maintain the ecological goods and services they provide.
